Optical properties of TlGaS2xSe 2(1−x) mixed crystals (0 ≤ x ≤ 1) have been studied using the transmission and reection measurements in the wavelength range of 4001100 nm. The optical indirect band gap energies were determined through the analysis of the absorption data. It was found that the energy band gaps increase with increase of sulfur atoms content in TlGaS2xSe 2(1−x) mixed crystals. From the transmission measurements carried out in the temperature range of 10300 K, the rates of change of the indirect band gaps with temperature were established for the dierent compositions of mixed crystals studied.
Introduction
TlGaS 2 and TlGaSe 2 compounds belong to the group of semiconductors with layered structure [1, 2] . These crystals have received a great deal of attention due to their optical and electrical properties in view of the possible optoelectronic device application. Optical and photoelectrical properties of TlGaS 2 and TlGaSe 2 crystals were reported in Refs. [310] . A high photosensitivity in the visible range of spectra, high birefringence in conjunction with a wide transparency range of 0.514 µm make this crystal useful for optoelectronic applications [10] .
The compounds TlGaS 2 and TlGaSe 2 form a series of TlGaS 2x Se 2(1−x) (0 ≤ x ≤ 1) isostructural mixed crystals. Previously, the structural and optical properties of the TlGaS 2x Se 2(1−x) mixed crystals were investigated by X-ray diraction [11] , infrared reection [12, 13] and the Raman [13, 14] spectroscopy. It was established that the phonon spectra of the mixed crystals exhibit the typical features of vibrational spectra of molecular crystals, namely the presence of low-frequency translational modes and high-frequency intramolecular modes.
The results of systematic investigations of electrical conductivity and photoconductivity on TlGaS 2x Se 2(1−x) mixed crystals were reported in Ref. [15] . Bakhyshov et al. [16] carried out the measurements of the transmission spectra on TlGaS 2x Se 2(1−x) crystals in the temperature range of 77300 K. Recently, we studied the eect of isomorphic atom substitution on the lattice structure and optical absorption edge of TlGa 1−x In x Se 2 [11, 17] and TlInS 2x Se 2(1−x) [11, 18] 
Results and discussion
The transmittance (T ) and the reectivity (R) spectra of the TlGaS 2x Se 2(1−x) mixed crystals were registered in the wavelength range from 400 to 1100 nm in the temperature range 10300 K. The absorption coecient α was calculated using the following relation [19] :
where d is the sample thickness.
The reection measurements were carried out using the specimens with natural cleavage planes and the thickness such that αd ≫ 1. The sample thickness was then reduced until it was convenient for measuring the transmission spectra in the temperature range of 10300 K.
The thick samples with d ≈ 300 µm were used in the experiments since the thin layered samples broke into the pieces at low temperatures due to their high fragility.
Therefore, we were only able to analyze the temperature dependence of the indirect band gap energy (E gi ). Technical reasons did not allow us a direct measurement of the reectivity spectra at low temperatures. The point is that we utilized the specular reectance attachment for
Shimadzu UV-1201 model spectrophotometer, which is not adapted for the low-temperature reection measurements by using closed-cycle helium cryostat. Therefore, we were able to register the reectivity spectra of studied samples only at room temperature (Fig. 1) . In order to calculate the absorption coecient α at low temperatures, the spectral dependence of the room temperature reectivity was uniformly shifted in the energy according to the blue shift of measured low-temperature transmission spectra. (TlGaSeS). We observed the blue shift of these dependences with decreasing temperature for all the compositions of mixed crystals studied.
The relation between absorption coecient α and photon energy hν is given by [19] :
where A is a constant, which depends on the transition probability and p is an index, which is theoretically equal to 2 or 1/2 for indirect and direct allowed transitions, respectively. Equation (2) can be also written as [20] :
The type of optical transition can be determined by nding the value of p. In order to obtain the preliminary value of E g , d{ln(αhν)}/ d(hν) versus hν was plotted. ergy band gap can be represented by the relation [19] :
where E gi (0) is the absolute zero value of the band gap, γ = dE gi / dT is the rate of the band gap variation with temperature, and β is approximately the Debye temperature. The experimental data for the dependences of E gi on the temperature (10300 K) in TlGaS 2x Se 2(1−x) mixed crystals were tted using Eq. (4) as shown in Fig. 6 (the solid lines correspond to the theoretical ts). The tting parameters were found to be E gi (0) = 2.06, It is well known that the temperature dependence of the band gap energy for a semiconductor can be expressed in two main parts as [19] :
The rst term results from the variation of the band gap due to the thermal expansion of the crystal. It may be either positive or negative in sign depending on the specic properties of the electron states of the band extrema and the relative ordering of levels [22] . 
